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LOGIC AND EQUATIONS FOR THE REAL-TIME COMPUTATION 
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inserted, place this CHANGE SHEET between the cover and title page 
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Mode 

Maneuver 

Sequence 



1 

2 

3 

b 

5 

1 

1 ■ 

PC 

PCC 

ASP 

PCC 

PCC 


2 

DOI 

DOI 

CIA 

DOI 

DOI 


3 

- 

- 

DOI 



2 

1 

ASH 

CIR 





2 

DOI 

DOI 

- 



3 

1 

ASH 

- 

- 




2 

CIA 

- 



“ 


3 

DOI 

- 

~ 

- 

- 

b 

1 

DOI 

- 

- 


- 

5 

1 

PC 

HOI 

HOI 




2 

HOI 

PC 

HO 2 




3 

HO 2 

HO 2 

PC 

- 



k 

DOI 

DOI 

DOI 
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Go to powered descent 


“ 

7 

1 

PPC 


iz 

— 

“ 


These maneuver sequences are designed to give the flight controller 
the ability to correct a non-nominal CSM orbit after lunar orbit inser¬ 
tion and to place the CSM orbital plane over the LM landing site before 
LM lift-off. The LDPP has the capability to compute maneuvers to change 
the apocynthion and pericynthion heights, shift the line-of-apsides and 
place the CSM orbital plane over a desired landing site with or without 
an azimuth being specified. The processor also computes a LM DOI.maneuver 
based on a desired landing site position. To compute these maneuvers the 
LDPP assumes that the vehicles are docked for all maneuvers prior to DOI 
and are undocked for DOI and all following maneuvers. 
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When computing in modes 1 through 5, the flight controller is given 
the option of simulating powered descent; in mode 6, however, only a 
powered descent simulation is available. Mode 7 Is used to compute a 
maneuver to place the CSM orbital plane over the IM landing site at 
the time of IM lift-off. To compute these maneuvers, the LDPP calls 
three specialized subroutines. The subroutines are SAC (spacecraft 
apsis and circularization), CHAPLA (change spacecraft plane), and LLTPR 
(lunar landing time prediction routine). Flow charts for the IDHP, SAC, 
CHAPLA, and LLTPR are presented in appendices A, B, C, and D, respectively 
After all computation is completed in the LDPP, the IM descent planning 
table (LDPT) is then displayed. The LDPT displays maneuvers and descent 
trajectory parameters. From these displayed quantities the flight 
controller can decide whether or not the total maneuver plan is acceptable 
If the plan is acceptable, the flight controller can transfer it to the 
mission plan table where it becomes an integral part of the over-all 
mission plan. 

Subroutine SAC computes a maneuver to shift the line-of-apsides and 
change apocynthion and pericynthion height or circularize the CSM orbit. 

Subroutine CHAPLA computes a maneuver to place the CSM orbital track 
over a desired landing site with or without a specified azimuth. 

Subroutine LLTPR (ref. 2) computes the time of the DOI maneuver based 
on a desired landing site and a CSM vector before the maneuver. 

The LDPP uses the lunar satellite analytic ephemeris generator, 

IBAEG, (ref. 3) for vehicle ephemeris prediction and IM descent guidance 
equations of reference 3 for powered descent simulation. Several other 
special purpose trajectory subroutines are called. These are APPLY 
(ref. 4), CNODE (ref. 5), STAP, STLO, STCIR (ref. 6), TIMA (ref. 7), 
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SYMBOIS FOR LDPP FLOW CHART 


Jt 


®moon 

ce 


IDO 


Input Constants 

3.141592.•• 

lunar gravitational potential 
mean lunar radius 


angular iteration tolerance 
time iteration tolerance 
average acceleration of gravity 
Input Variables 


maneuver routine flag; if 

MODE «= 1, compute CSM phase change sequence 
MODE = 2, compute single CSM maneuver sequence 

MODE = 3, compute double CSM maneuver sequence 

MODE = 4, compute IM maneuver sequence 
MODE = 5, compute double Hohmann plane change CSM 
maneuver sequence 

MODE = 6, compute IM powered-descent trajectory 
MODE = 7, compute CSM prelaunch plane-change maneuver 
sequence 

maneuver sequence flag; when 


IDO = - 1 , 


IDO = 0, 


IDO 


2 , 


compute plane-change maneuver only 
compute plane change and circularization 
maneuver 

compute plane-change maneuver combined 
with the first maneuver of a CSM two-maneuver 
sequence to circularize the CSM orbit at 
an input altitude. 

compute plane change and circularization maneuver 
at a specific altitude 

compute plane change and circularization maneuver 
at an input time 


MODE = 2 and 
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IDO = 0, 


compute CSM maneuver to establish an 
apsis and an input altitude at the DOI 
maneuver point 

IDO = 1, compute CSM maneuver to circularize orbit 
at an input altitude 

MODE = 3 and 

IDO - -1, compute CSM two-maneuver sequence with 

the first maneuver performed at an input 
time and the second maneuver performed at 
an input altitude to circularize the orbit 

IDO = 1, compute CSM two-maneuver sequence with the first 
maneuver performed at an apsis and the second 
maneuver performed at an input altitude to cir¬ 
cularize the orbit 

MODE = 5 and 


IDO 


0 , 


compute CSM three-maneuver sequence so that 
the first maneuver is a plane change and the 
following pair is a double Hohmann to a 
circular orbit at an input altitude 
compute CSM three-maneuver sequence so that 
the first maneuver initiates a double Hohmann, 
the second is a plane change, and the third 
completes the double Hohmann to a circular 
orbit at an input altitude, 
compute CSM three-maneuver sequence so that 
the first two maneuvers constitute a double 
Hohmann to a circular orbit at an input 
altitude and the third is a plane change. 


powered-descent simulation flag 


IED =0, simulate powered descent 

IED = 1, do not simulate powered descent 

descent azimuth flag 

I AZ = 0, descent azimuth is not specified 

I AZ = X > descent azimuth is specified 

powered-descent time flag 


Ijpp = let powered descent compute time to ignite 

IjPD = input time for f>owered-descent ignition 
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